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(54) ADAPTIVE WAVEFORM EQUALIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce square 
difference between a reference signal and an output 
level by calculating optimum number of taps and tap 
coefficient from the delay of the reflected wave of an 
input signal so as to change a digital filter to the 
optimum number of taps. 

SOLUTION: A delay calculation part 24 calculates the 
delay quantity of the reflected wave of the input signal 
from the input signal inputted to an input terminal 1 1 and 
the reference signal inputted to an input terminal 21. An 
optimum number of taps calculation part 25 calculates 
the optimal number of taps responding to the input 
signal from the delay quantity of the reflected wave of 
the calculated input signal and sends information on the 
optimum number of taps. Thereby a variable digital filter 
part 22 switches the number of the taps of the digital 
filter to the optimum number of taps and a waveform- 
equalized algorithm part 23 calculates the tap coefficient 
of the optimum number of taps and writes the tap 

coefficient in the variable digital filter part 22. Consequently the input signal is waveform- 
equalized by the optimum number of taps to reduce the square difference between the 
reference signal and the output level of the digital filter. 
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A^SS»:ffigP2 4(CjM/i>il|.. Jiffi#tiia52 4Ct5^ 

-5-OA^fi-^^WiScoaS^Scmt. 

w?gs-S3i^ y7-^»aig?2 5^is^. &m9-yxmn 
&&2 5X'ii. mm9 y-rmz™^ mm<vmm* d , 

•fe>^-^ yrcO{ia^ci:-r^i:, fti^77H!m 

CSC4 ] lei 0*A6^ix^». 
[0036] 
[IS4] 
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m= c + d 

[00 37] *LT. fil^77l(Dffi^W-fy 
*T£t< V9)\>7 4)V9&2 2X*\t. 

die T* i;?Ji<-7 < ji-?<o? yrmzmm? -y-rmz 

fiiofis. mm?mkT>u3o X£.m2 3-m. 

-f s/**7 -f )\>9%t>2 2£.tt-thmm? -j~rm>? yy 

tx. mm? •y7°mzw)m£>itzw$£ s r ■< i;?/i>7 -< 

)V-?&2 2lZi5\\XWmm\LT}VlVXJ±%t.2 3ti>h<n> 

9 v 7"®mz£ o wm%&m&th z t atx-* h . 

[0038] WTs W2RX/m 3 £#Hg LT . Ill 
-raj^r -f i^/P? 2 2<Dp$B3rtfj£<0W;:o 

. 02»i0 1 iz^t^r ^ V9)V7 4 )\> 

-r, 02tcfcv>T, i nmmmtmzM-r^xij^ 
3 nmm9-/7^.%\a»m^cnx^iWF. 12a 

ifJrtSg^ 3 2*«J^O?y:rifc<Djl&&?iiSc<D^ 

[0039]<5:t;. 12 £#BSLT. j&»*»|> "ISEx ^* 
i)ls?U2 2<7)W>mz~r>^xm.W-?&. t-f. X 

^s^p 1 1 frt>mm<r>f 4 i??>i>7 4 )v?\zn\-\-n 
mmtmv,zx-h zti. mmzsm 9 -y TUtt v 7 9 3 

comm^mm? -> rs-t p ? ? 3 3 ta* lt atj £ ft 
•s. fia^ yrm-bi-^^3 3J2. ^aj^^ictt 
ffl-t^-r ss*Ar7 4Wtms*f -yr^m^izMm 

[0040] m3*mmLx. aitz^rwf 

4 *J9)V7 4 )V?U2 2<7Mm f j:m^)^>m^\^X 

mw-tz. m3i,z}5^x. i nmm^itrnznthx 
3 \ \mm? *y7im\mfrh<r>xj)m=f-. 1 
2iiai7jiSH\ 4 iiiVT-yci yfizttmLw.mzmm 

X-tzf 4i?9)V7 4)V? . 3 3\$mM9 'y7*mM\s7 9 

X'hz>. 

[0 04 1] mz. 03Sr#BSLT. 
9)V7 4)V9U2 2<rmft\zr>\^XWJ l rth. t-f. X 

jjviFF 1 1 frt>m.mzmmztifcwm<r>f 4 V9iv7 4 

iUflZttLXlim^tfXDZtl. &t ! 4 i?9)V7 4 )V9 

coaj^j*^«ig^ <yrm*u7? 3 3iz&mzti&. - 
xnm-3 1 frt>®M9 yT^vrmmtfmm? 77 

m.*\s9 7 33\,zttLXXJ)i*tlh. MM? yT^L-tls 
9933XH. ZVi&mf yT-mzfctX. Xm+PT* 4 
^9)V7 -rrt^£38RU MM? v7Wl-^V7?3 3T 
^W£f4 i?9>l7 4 ^X~thZHZX 0, 

4i>?)V7 4)V9*$mth. 
( 0 0 4 2 ] <fc*c . 04 5r#B3LT , II 1 iZ^t MMM 
tH&2 4<DmM%ffif8.<r>-mi,z^xmWt&. 04 £ 



izti\,^x. 1 1 isnmmimzn-th xjim^zxii-r 
zxttm?. 2uzmmiHJji'^£Tn-rhmmm^z 
xn-thxxnif?-. 5 um&Lfcmmm.Z'ktim-^z 
mm? •y7^tMia^2 5{cai*-r*aj*srp, , 52a 

5 3jiA^fi^si^oa®a^^aii-S3is» 

[0043] 04 $r#s§LT . ^^gS^tUSB 
2 4c0ift^{COV^IttB^^. A^JSi^l 1*»^ 

mzmt&izm'&xj3m^tfxj)Zti&. *lx. a 
«04 £^-r j: d tz. affi^ffigB 2 4 con^-^aisp 5 2 

£A:ft£i"U -e^t'-eii^2o^fi^£0||^^l[ai$^ 

*(7>mMmimniii&5 3izxjjzti. mmmn 
m&5 3iz&^xmt<D±z*®Mzxjim^cr>%Mm 
tfiPtEi-htvmLx. Ksmcomms.^m.iiiLxiiiti 

[0044] mz. m 5 zmmtx. m 1 iz^-rmmn. 
m®2 4comM%ffi&comcDM£^xmBn-t&. . m 

5 (Cfc V *T . 6 1 ti^^^kT^ 3' 'jXA»2 3*»^tf) 
^•/T«^iOlt$g$:A^-r.|.A*^, 5 1(i«[ait/v: 

ai^jsg^. 621^7 r^i$<7)^ts&»:ai-ri» ? yx 
&wma.n.iii&x*h2>. 

[0045] &cf. m 5 z^mtx . *>*^jiM»:a5SP 
2 4<7)»f^(couTSiBflt-s„ temmt^xij 

m*T£*r%£74 is9)V7 4)V9U22hm&m\LT)V?( 

•jxa£B2 3-C'<ifiK:$tL7t«yg^-(bS£*3v^T^^ 

< . m^rSCTt LT . *5tSfetfO^T'Ji. 2000f- 

-ftT^^ U XAgB 2 3K^7 Ximmm 6 2 (C ATI 
LX9>y7-mi*mm-h. -eLT, ^-yT^lfciaSgB 

6 2 -y r^o^-fbs^^ai^s . a^ft^ai^ 5 

3tCtJWT{i;. ^ •yr^O^ti^AI' 1^ ■/7'CO{iL 
[0046] JMtiKHJ LfcJ: ^ tc, *HJfe<7)0«(c 

feBmtmzm-&xjjm^tmmm^tizz->x 
xt>m^RMm^mm^»in-thmm»tii^t . atj 

fi^OKItiR^a®K <k -d T ATJ^Ofiifi ^ 7 7» 
SLlU-r^ga^-yTmSLtliSPi:. gji^ yr^Ox^^ 

y T-^WemtTlV 3 0 XJ\ffit SrlSltl) ZtdzX-o 

x. mffimimiztt^hx-hm^iz^x&m*? ■?? 
znzm^xwiBmitzfiozttfX'Z&r)?. mmm^ 
omm&j} u'ou t -r * ^ ^ 7 4 )V ? com -ft v^>v t 

[0047] mBMcom2cr,mmcOBM^ JUT. 06 ^ 
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muLx. tamos 2 <n>mm<mmz*m zm&mm 
jBwt^maitz^xmti-h. 06 itt&mnm 2 

n-y^BT'$>S. 06KiJUT. 1 1 ttjHBSHfcStctt 

^^^fi-^^A^-rsA^^T*)^. 

[0048] 12Jiai^^. 22\±9 yVm& 

T/V-J y XAS5. 2 5 l2A*fI^<D£Olt&coiSiS*> 4>A 
aasarra 0 . pxtim 1 oEf&i: h** ox-h & . 

[ 0 0 4 9 ] 06 ^7F-r*^tf0^2OlUfic0»^tCt> 

asscajgs2 4Srffiffl*-rtc mmmtm^xf) 

&D/\J)mm&7 2 b A^ft^c7)D/UJt*^^^ 
tzZ\bX'fo%>. 

[00501SC. 06£#ggLT. *?|BJ§<7)3& 2 OH 

jsojgsttis (t h mmmwmmt$*cr>mmz-?\, ^x mm 

-th. A^l«f 1 ltcA^S^jftJ^KbS^ 
A^fi^iD/UJt»aj^7 2lZAl!2tlZ. D/UJt 
»ffigl57 2{CfcV^T. -e^A^fS-f-OD/UJtti^ 

[00 5 1] 
[85] 

D/U=2 0 • 1 og.ol X. / (x-d) I 

[0052] *<7)D/Ult<?>ffim£'Jm? 'yy°®M&® 

*<m 9 -y x&gitsas 7 3 raraj-rs . * rim 

ajgP2 5T'{i. fiiS?yXgc5:iru d*^? yXfStSrT, 
-b>-^-^ yrco{ag$rci:-r^,i:. fiS^'/Tlmli 

[00 53] 
[&6] 

m= c +T 

[ 0 0 5 4 ] g®? -y 7^t»til952 5 fc*J^T*a^ y 

HTfc, "T^x-f ^;U7^^^SP22^Jj!c<Sia2a 
1X0 3 (C^ Lfc t <7)t |Sl«T'S>i» . 

[0055] liLhoiJiBSoj: otc xmrnmizxtin. 
WiBmit&'WAnm^tmmm^tiz£-?x\jjm j 5 



s&t, ^^vxaa^gM^xm^staj-rsfi® 
* -y . mm? 7 7i^r)^f 4 : J?tv 

7 4>u?k. wm?-y7^<r>m&mkTivzf>)xi*%i.z 
mv&zbizz^x. m&mm^<r>\j]m^zmmc 

&*A^<-f&Z\bi?X'$i,. 

[0056] tmi<?>m3<7)mMcr>&m) aT. B7j 

»^L&0«tj££o^TI8Bj§-t& <> 07te#3|Bjj<7)g|3 

v-y?mx-$>&. 07cti^T, 1 1 immmtmzn 
ivi^hwmm^Aft-tzA-h^. 1 2{iaj*is 

2 5itA*m^<oKm%i<7)mmfrt>AJjm j 5izmttz& 
m^^yy-^m-tti-t^mm^yymM-m^x'h^x. 

[0057] 07^^-r*%BJcom3O||MO^«fc:t> 

tt, "T^r -f >r;P^gP2 2c^^0tC3l^tfOr r 

y XAg5 2 3 <7)^i3 0 tSM^ y 7l:^ffl ^Tf-fy 
-/T^^-rs i ate L^ajEBjfe 
JMHtT/Vrf U XAS 8 2 ^figffl Lt^ Z b X'fc h . 
[0058]<5;t. 07£#BBLT, *%Bfl«0^3^ 

■TS. 4-*\ A^Sfl 1 *^co^^fCStc^tf-4A 

b^cos 1 coiij!fSco»ffi(cfc(ts b wmum^^m.^ 

&2 4RXf&m? y7miiiim2 5X'ft\,\ A^ft^<7) 

* >y TSt$r j:ai-r ^> . MJEjS^^kryPd' y xas? 
8 2\&z<r>mm? >yymz&tx%i&m:T/i>^ y xa 

*^-T-i.ctfcJ:0. ^-f^yi^^-fyp^^tt^-r^, 
jS»^ftTy^yXAgP8 2i:(cJ;0, ssi^-yr^tc 
[00 59] OT. 08&t/l29£#B3LT, 07 tc^ 

t-^jE^^bryi-^yxA^s 2cr>mM%ffitfmi.z^ 

i^xmwth. 08<7)fiaj(CfcV^T. 9 1liii^ 

•yXSc»:tllSS2 5*^<7)A^SS^. 9 2fcfrr •* y^yl'? 
yU^S58 1 ^<Dtti?jaiifi% 9 3 {iftS^ y m& 

T»iiigi5, 2 3(±A^lfi-^ t iiitim^b-by 9 -9 77 

ofas 1 2r)iv vr -eco-t >^ - ^ -y rcofirgtcttjtE-r 

[ o o 6 o ] actc. 08^#hslt. m8cr>mt,z}si-t& 
mmi&BmtTtuzf y xasb s 2 otwmov ^TUiBj-t 
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[006 1] 
[»7] 

c = N — m 

[006 2] ZCDXolZLXJfitbf.Z-ty?-? yy-<D& 

a c <7)tff#^ wm'mo'ivzs »j xm.u 2 3 tin 9, 

*>9-9-y 7<r)Q.U c izmm L,fc«#*Hfc77l/=f V X 

Ltz9 7ritSrf-( : J9)Vy 4fV9US 1 \,z&j) LT 
-y7lR(c«i5tfc«ffl[*4t^ i 3 izttzZ b tzX 

r-< $?*A>y iwms i taiE*j^bT;p^»j 

X^gB8 2i:^J:-5-C, mM9 v TWtlzfct fzm<n%m 

ffimitzm&t h z t tfx-z h . 

[0 06 3] Mfc. 09 2r#RgLT. H9O0K:&I?& 

2 5*>^A^J^. 9 2{ix4 >-'^7^;U^g58 1 
^cOffi^*^, 1 0 1 (±#3i^ yXfMffB^ftTteffi 

g?, 2 3JiA^ft^ttli^fi-^i:^^ y7°iicffi$8i:^ 

T/VVX<Ug&X'$>&. 

[0064]<J:(:, 09£#BgLT, H9<OW;t>tt-2. 
ii^^fkT^^UXAgP8 2cOt6f^^oUTIftB>1t- 

t-r. a^i^9 i(c«aa^ y7isffaigi52 5*^ 

<0gjS*yTiMf#8£A;bU ^S^ yTta^aiSSl 0 

1 Kt>vvtTffi05<: Ciit8 3 (ci 0 s ^FgSr? -yXik*- 
gH^. "r4^9JVy4JV9C09-yy'm.^N. ft®? 
>yX»£nu ^?yX!££ 1 b~t&b. ^^71 

lttas«CR8] tc.fc'JJftrtfcft.S. 

[0065] 

[&8] 

1 =N-m 

[0 0 6 6] ^£d£LT*a6*^?yxmi cots 

m* ; ffimi\LT)V d >J XAg& 2 3 tCiM "9 . 9 t T<T> 

uwzimmz o <m^w^.-t hwmvcr^ » 
£&JPSHkT/l^llX2>,|i&2 3t»bu **u;:»j£L 
y X^Srf-' 4 =J9)Vy 4 >V9US 1 KJijTJ LTft 
jS* y T^Mc^L^^m^ffo XolZ LtlZ b iZi. 

XAgS8 2i:(cJ:oT. IB^rTRfcjBtfcaWJfcift 

[0067] liLttoj: o iz, *mmmtz xtM. mmm 

fl3S^OA*«#fc: J: A^ft-^OilE^wajir&il 
SflLttjas t . A* ft#<0S0ttjfc<0iI?£{c J: o T A* ft-§- 



cog5S^>yxa^s[aj-r-&fi®^-y^^ajg?i:. mm 

9 y TfScKS^ giiJ Ltz 9 y 7im.£m^X 

9 ivy 4)V9U<r>9 •yyfuzgcm-t&m&ik&mtT/v 

rfyXAg&fc. JI^cOtm "J9)Vy 4>V9b^m.^hZ 
b lz J: o X . ^I^fbtff^ A^l m-^(c«ig^ ? >y T^t 
T-m^-fk&ft 5 £ t #T'£ . *Ml^c7)^aj* L-^ 

<-r-5>^t*<T'#i>. 

[0068] :?tty<om4<7)mmcoBm) o.t. m 1 o 
5r#siLT. *^mm4<omm<vBmi,zt5i-t2>mmm. 
mmmm<r>mmz^ v sjbj-t s.iio 13*^0 

•rXo yj?|lT-ftl»„ 01 OiZti^X. 1 lli«3^^b 
H(C^?.A^«^&A^§A^^. 7 1(iD/U 
Jfc^mfc:«fi«=flr«ie^*A*-r4A**F, 1 2{i 

ai^ffl-f s 25 <± a^) ft-f-^s:»f mcowmfr t>xjjm^ 
izmitz&m%9 yy°mz»iiii-&mm9 -yy^mta 
8 1 «±a^coxv 4 >v9u. &2\tmm9 

■yy$C.£m^X7~'J i/9)\>y <)V9Ucr>9 y7l&£^M 

f •§> ± o ^ Ltzmmw&mtT>i< xs v xasp 8 2 T'*> 

[0069] vjjmm 7 izm-r^com 3 mmmcomm 
iz&tt&mf$.tmm:i><vTb&. mi<r>mtfLtm%h 

fRtmmiz. mm»ta^2 4t:mm^rr. D/uitma 

95 7 2 at^ffiS! ^ -y X ^ajgf 7 3&«fflU;ttJ> 
4. «ot, DXVitMlii^7 2Rtf: < Hm9 -yy^mta 
SB7 3J;L ^2C0^Jfec0^.«-C'geBJL^^t[SI«^«i 
^Srfit^ ^<7)fl6coXo-y^(i, mi <,z5Ft*?m<?>W, 

3 ^mm^mmx-mm Lfzftmt mmzmftzir ozt 
\,z±^xfflmitz&m-z.c\ttfX'*z,. mz. zti 

[0070] ia_h. mm Ltz* o iz^m^mmizxti 
if. mmit&^Atim^bmmm^tizx^xAJ} 

»aj«et . >m?j:9 •yy°mfrhmm9 yxtscsrsaj-rs 

Sil^ yXlS^tbgSt. ftM^-yXfSt^fflV^T^^^ 
-f^^cO^ •yX^cJr^sg-r^^^tT^d'yXA 
< : J9 ivy 4 )V9 biWi^hZb^X-y 
X . ^^-ft:Ss^<0A^fi^-(C«^=5r^ -y 7lT«f 

^'^^7 1 ^wttjjisow-mmMZ'bZK^&z 

btfX'ZZ. 
[007 1] 

[^cy>^^] *&mzx zmiimw&mtmz. a± 
mwLtzx oizmatL. mmmitmzm-hx-nmmi- 
hx^m^cr>Kmk<r>wm$:m&%&ux'%&L. mm 
Mtt&x^frfzA*m^<?>%.tt$i<?>Mmfrt>Ajimmz 
mtfc&&%9 v-twl&ka? yym.n\a,mzti^x% 
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h tab . mmm^-commtHti K/utx -r s^i^ 4 n- 

[02 ] II 1 fc^-TTOf -< S^A*? -f >i^««9i*»Kr 
««o-Wi«t7'o v 70 

[04 i mi£^mm&&tmmm%mj&v>--mt:^ 
[05]0i izm-tmmntii^mm^m^.<r>mcomi: 

[06 ] ^^^*2<?)WS(?>JB!Bt:tJ»t4auCT»» 

mtfttomfcz^-t ? 0 
[07 ] *^jia£3«ggta«m^&tt£aj^&& 

[08 ] m7iz5k-tm&ffl&mtT>i-^vxj*mcr>mM 

[09 ] muz^ms^mmitTfUzfvxj^^Dpm 
%ffif&.com<om£^-t7B •■/ 9m 
[01 o] *%*mi¥,4(r>mmmmz&vhwm$t. 
&mt%cr>m&£*-t7u - y 9m 
[0ii] ^^m^mmmmm^m^m^-txu 
•y?m 

1 1 A*WP 



"I^-r-f is9)V7 4 )V9& 
ATJSS^ 

SS^T-'-f is 9 fry 4 )V9 
mM9y7WlL*U99 

ATJiiS^ 

mmmmmtTfrd- v xmu 
atjsskp 

±v9-9v7%#M 



1 2 
1 3 
1 4 
1 5 

1 6 

2 1 
22 
23 
24 

2 5 

3 1 
32 

3 3 

4 1 

5 1 

5 2 
53 

6 1 

6 2 

7 1 
72 

7 3 

8 1 
82 

9 1 
9 2 
9 3 
1 0 1 
13 1 

13 2 m%%s 

1 3 3 



[02] 

22 TOt"<(!?»*?-«*?V 



1 t 



ttttI 



U ^4*9*7 4 



*9 



TT 4*9*7 4*9 



I 1 3 3 



3 1 



3 2 mMHOr 4*9*7**9 



7 

ffiA 



1 

A*} 



^< *9* 

74*9 



— 22 ^rx^* *9 *7 4 *9& 



* 4*9* 

74*9 



T4 *9* 

74*9 



2 

3 1 

XXtiFF ^-4 1 ^^7o^dfC»aufc?*y**7*** 
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[011 



1 1 AJ3*%=F 



n 



mm 



2 2 



2 4 



1 2 tfjaSS^ 



2 3 



2 5 



2 1 x*m- («^fi^> 



[04] 



1 1 x±m- 



5 2 



r 



2 4 smnmw 



2 1 A*«§T l - 



5 1 



[05] 



6 1 ATjiSinF r 

i 



6 2 



2 4 aiiSTtBSS 



7? 



5 



L 
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1126] 



1 1 AJ}*s=F 

I 



2 2 



r 



D/Utt 



7 1 Afim? 



7 3 



1 2 




2 3 



2 5 



[07] 



1 1 Atim? 

i — 



n 




L 



2 4 



L 



2 5 



2 1 AJj^=F 
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[08] 



9 3 

r 



T 



8 2 ®it«^b7^^UXAS5 
2 3 



9 1 j 



SJfcbSB 



9 2 



[09] 



1 0 1 

r 



8 2 jus : mmvc7 >\> u 

2 3 



etzzf -£= K 



9 1 A^JSrF- } 



mm® 



9 2 



[010] 



1 1 

i 



r 



7 2 





D/Utt ! 






■ 




ton* 



8 I 



8 2 



7 3 



2 5 



1 2 
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[01 1) 
I 3 K9>*'<— WPhJW 



11 A* 
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1 3 1 
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IS 


8 






1 3 2 
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1 3 2 




1 4 
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